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ELLIPSOIDAL REFLECTOR CONCENTRATION 
OF ENERGY SYSTEM 

This application is a continuation-in-part of applica 
tion Ser. No. 07/068,811 ?led June 26, 1987 now U.S. 
Pat. No. 4,754,381 that in turn was a continuation of 
application Ser. No. 06/815,521 ?led Jan. 2, 1986 now 
abandoned. 

This invention relates in general to the concentration 
of energy, and more particularly, to ellipsoidal re?ector 
energy directing and concentrating systems. 

Concentration of re?ected energy has encountered 
many problems in systems employed in the past with 
efficiency being one of the problems, Excessive expense 
has also been a problem and particularly so with laser 
systems. While laser beams have been used in survey 
ing, optical alignment and other uses it is important to 
produce narrow light beams neither coherent nor 
monochromatic. It is important that these light beams 
be quite suitable and safer in use for surveying, optical 
alignment, and ?ber-optic inputs with advantages also 
found in decreased bulk, power requirements and cost. 

It is therefore a principal object of this invention to 
provide an inexpensive reliable system for concentrat 
ing energy. 
Another object is to provide an ellipsoidal re?ector 

system for the concentration of light, ultrasonics or 
shock waves. 
A further object is to provide such a re?ector system 

of decreased bulk, power requirements and cost. 
Still another object is to provide such a re?ector 

system concentrating light that is neither coherent nor 
monochromatic concentrated to a narrow beam quite 
suitable for suitable for surveying, optical alignment, 
and ?ber-optics inputs. 
Another object is to provide such a re?ector system 

concentrating light that is neither coherent nor mono 
chromatic to a narrow beam easier and safer to use than 
a laser beam and with ef?ciency much greater than that 
of a laser. 
A further object is to provide such a re?ector system 

concentrating shock energy as a signal for special explo 
sive shock energy uses. 

Features of the invention useful in accomplishing the 
above objects include, in an ellipsoidal re?ector concen 
tration of energy system, utilization of two effects. 
First, that light passing through one focus of an ellipse 
will tend to line up with the major axis of the ellipsoidal 
re?ector system after each re?ection. Second, the ?rst 
effect is combined with the properties of ellipses rotated 
off-axis having one distributed focus and one point fo 
cus. This system is quite suitable for use as a source of 
highly collimated light more practical for surveying 
?eld work than lasers. 

Speci?c embodiments representing what are pres 
ently regarded as the best modes of carrying out the 
invention are illustrated in the accompanying drawings. 

In the drawings: 
FIG. 1 represents diagrammatically an ellipse rotated 

about a line passed perpendicularly through the ellipse 
major axis at one of the two focuses of the ellipse; 
FIG. 2A, a diagrammatic showing of ultrasonic or 

explosive energy (explosive wires, etc.) source placed 
along the ellipse distributed focus with such energy 
leaving perpendicular to the source to strike the surface 
of the ellipsoid in the proper direction to be re?ected to 
the second focus; 
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2 
FIG. 2B, a diagrammatic showing of the behaviour of 

light energy emanating from points along a ?lament or 
gas-discharge tube with light radiating its energy in all 
directions; 
FIG. 3, an ellipsoidal re?ector formed by passing the 

axis of rotation through one focus but missing the other 
with a distributed focus at one end and a point focus at 
the other end; 
FIG. 4, a combination of three ellipses rotated off axis 

having three‘ distributed foci and sharing a common 
point focus; 
FIG. 5, illustrates a reflective property of ellipses 

with multiple re?ections within an ellipse where a ray 
of energy passing through a focus re?ects from the 
surface of the ellipse and pass through the other focus 
with this process, theoretically going on forever with, 
however, after each re?ection the path more nearly 
aligned with the major axis; 
FIG. 6A, shows an external energy source emanating 

through a lens confocal with a focal point of the main 
ellipsoid; 
FIG. 6B, shows an external energy source emanating 

from an ellipsoidal re?ector confocal with a focal point 
at the main ellipsoid; 
FIG. 6C, shows a major axis plan view of an ellipsoi 

dal re?ector with three external energy sources emanat 
ing through three lens confocal with a focal point of the 
main ellipsoid; 
FIG. 7, a side diagrammatic view of a distributed 

focus ellipsoidal re?ector like that of FIG. 3, with a 
circular gas discharge ?ash tube on the distributed focus 
with energy therefrom re?ected to the point focus and 
on to a second ellipsoidal refector confocal therewith; 
FIG. 8, a Cassegrain shortened version of the com 

pound re?ective system from the system of FIG. 7; and 
FIG. 9, a view like that of FIG. 7 with some structure 

detail added. 
Referring to the drawings: 
The ellipse 20 is rotated about a line 21 passed perpen 

dicularly through the ellipse major axis 22 at the second 
focus f2 with the ?rst focus 11 now a distributed focus in 
the form of a circle. This results in FIG. 1 resembling a 
sofa cushion having one focus f1 distributed as a circle 
while the other remains a point focus f2 with the laws of 
elliptical re?ection remaining in effect for this figure. 
This works well with ultrasonic and explosive energy 
(explosive wires, etc.) that may be placed along distrib 
uted focus f1. Such energy leaving generally perpendic 
ular to the source, as indicated in FIG. 2A, will strike 
the surface of the ellipsoid in the proper attitude to be 
re?ected to the second focus. Unfortunately light en 
ergy is not so well disciplined and each point along a 
?lament or gas-discharge tube radiates its energy in all 
directions as shown in FIG. 2B. This introduces a large 
axial error for much of the energy when trying to use 
such a source of light. However, an experimental model 
using a ?ve inch diameter gasdischarge tube has been 
used to concentrate an impressive amount of energy at 
the point focus. 
Even it if were possible to concentrate all of the light 

energy from such a source, there is an immutable law of 
nature that will not permit the temperature of an image 
of incoherent light to exceed the temperature of the 
source. (Laser light, being coherent, is not bound by this 
law and may reach temperatures high enough to bring 
about atomic fushion.) 
An ellipsoidal re?ective system 23 may be provied as 

shown in FIG. 3 with the ellipsoidal re?ector 24 formed 
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by passing the axis of rotation through one focus but 
missing the other with a distributed focus 25 f1 at one 
end and a point focus 26 f2 at the other end. With the 
FIG. 3 ellipsoidal re?ective system 23 the converging 
will be conical as it approaches the second focus (i.e. 
point focus 26). 
With the ellipsoidal re?ective system 27 of FIG. 4 a 

combination of three ellipsoids 28, 29 and 30 are rotated 
off-axis having three distributed foci 31, 32 and 33 all 
sharing a common point focus 34. The importance of 
ellipsoids rotated off-axis is that energy is taken from a 
finite (distributed) source and concentrated to a point 
while conventional ellipsoids are limited to re?ective 
energy from one point to another. With conventional 
ellipsoids the size of the source must be small to keep 
the image size small at the second focus, and, in such a 
system, the concentration of energy is close to the same 
at both focal points. 

Multiple re?ectors within an ellipse is an interesting 
phenomenon in that when a ray of energy passes 
through a focus it will re?ect from the inner surface of 
the ellipse and pass through the other focus. Referring 
also to FIG. 5 the internal re?ective process will, theo 
retically, go on forever, but with, after each re?ection 
the ray path being more nearly aligned with the major 
axis. In practice, as shown, starting from point 35, the 
energy ray passes through focal point f1 of the ellipse 36 
and then as re?ected through focal point f2 and re 
?ected again back through focal point f1 with after two 
or three passes the energy path traveling very nearly 
along the major axis. A problem with multiple ellipsoi 
dal re?ection systems is that a source of energy located 
at one focus will be in the path of energy after the sec 
ond re?ection. If multiple re?ections with an ellipsoidal 
re?ector are to be utilized there must not be substance 
at either focus. 

In overcoming this problem an energy source may be 
positioned to the side from the ellipsoidal axis running 
through both focus points with energy from the energy 
source injected to converge at one focus so that with no 
physical obstruction at this focus nor at the other focus 
multiple re?ections may occur. Many methods of en 
ergy ray concentration are feasible with the only re 
quirement being that the energy must converge on one 
focus. With the ellipsoidal system 37 of FIG. 6A an 
energy source 38 generates energy radiation focused 
through lens 39 to ellipsoidal point focus f1 since it is 
thereby confocal with the main ellipsoid 40. In this 
instance the main ellipsoid 40 is comprised of two ellip 
soid re?ective sections 41 adjacent point focus f1 and 42 
adjacent point focus f2 with both curved to match por 
tions of a common ellipsoid. The internally re?ective 
ellipsoid section 41 is shown to encompass an end of the 
shape of ellipsoid 40, have a small end opening 43 to 
permit passage of a narrow beam of energy outward 
from the ellipsoidal system 37, and also opposite end 
re?ective section 42 that re?ects energy beams back 
through point focus f1 to pass through small end open 
ing 43. Note that a cut out 44 is provided in ellipsoid 
re?ective section 41 to permit passage of focused en 
ergy beams passed through lens 39 to pass to and 
through point focus f1. 
The ellipsoidal system 45 of FIG. 6B is quite similar 

to the ellipsoidal system 37 of FIG. 6A with, however, 
the energy source 38 and lens 39 replaced by an ellipsoi 
dal re?ector 46 confocal with the main ellipsoid 40’ and 
with an energy source 47 at a focal point within the 
ellipsoidal re?ector 46. Primed numbers are used for 
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4 
portions of the ellipsoidal system 45 duplicating por 
tions of the ellipsoidal system 37 where the function is 
the same. 

Referring also to FIG. 6C a major axis view shows an 
ellipsoidal re?ective section 41" from the inside looking 
along the major axis of the main ellipsoid. In this in 
stance three energy sources 38" generate energy radia 
tion focused through three lens 39" to and through 
ellipsoidal point focus f1. Three cut outs 44" permit 
passage of energy radiation focused by lens 39" to the 
interior of the ellipsoidal re?ective section 41" that is 
also provided with small end opening 43" to permit 
passage of a narrow beam of energy outward from the 
ellipsoidal system. It should be noted that the ellipsoidal 
re?ective section 41" of FIG. 6C with three cut outs 
44" could be used with three ellipsoidal re?ectors 46 
with three energy sources 47 such as shown in FIG. 6B, 
confocal with fl of the main ellipsoid in place of the 
three lens 39" and energy sources 38" of the FIG. 6C 
showing. It should be noted with respect to FIGS. 6A, 
6B and 6C that one way re?ective mirror sections that 
re?ect on the inside and pass radiated energy on 
through from the outside to the inside could be used in 
place of cut outs 44, 44' and 44" with it then possible to 
have energy directing devices directly opposite of each 
other rather than having to be spaced such as in FIG. 
6C. It would be possible to use an annular rotated sec 
ondary ellipsoidal re?ector projecting radiated energy 
into the primary re?ector through an entire 360° circle 
via a band of one way re?ective material as part of the 
primary re?ector. 
The ellipsoidal re?ector system of FIG. 7 uses a dis 

tributed focus ellipsoidal re?ector 24' like that of FIG. 
3 with a circular gas discharge ?ash tube 48 of small 
'tube diameter on the distributed focus 25’ with energy 
therefrom re?ected to the point focus f2 and on to a 
second ellipsoidal re?ector 49 confocal therewith. With 
re?ections again from the other end of the ellipsoidal 
system the angle of divergence further decreases until a 
nearly parallel beam emerges from a small hole 50 in 
one of the re?ectors 24’ or 49. In the showing of FIG. 
7 the small hole 50 is provided on the major axis in the 
end of re?ector 24’. In practice it is not practical to 
make too many passes since energy not passing through 
a system focus the ?rst time has a tendency to go further 
a?eld with each pass. If a ray of energy misses a focus 
on the ?rst pass it can never cross either focus no matter 
how many passes it makes. It is possible for a specially 
shaped curve re?ector to coerce some stray rays to 
cross the second focus of an ellipsoidal system even 
though they missed the ?rst focus slightly. 
Where it is desired to shorten the length of an ellipsoi 

dal system from that of FIG. 7 a hyperboloid re?ector 
51 may be used as the secondary re?ector in a Casse 
grain version of the compound re?ective system as 
shown in FIG. 8. The distributed focus ellipsoidal re 
?ector 24" in this instance is the same as with embodi 
ment of FIG. 7 and the distributed focus fl is also the 
same. Generally the rules of re?ection discussed herein 
before are again applicable, including multiple re?ec 
tions, even with respects to placement of a confocal 
ellipsoidal re?ector, or re?ectors, at the exit end re?ec 
tor of the re?ective system. With this embodiment en 
ergy rays re?ected from the distributed focus ellipsoidal 
re?ector 24" toward the point focus f2 are intercepted 
in front of point focus f2 by the hyperboloid re?ector 51 
and re?ected back generally along the system primary 
axis with much of this re?ected energy radiation pass 
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ing out through the small exit opening 50 in the form of 
a relatively narrow radiated energy beam. This narrow 
radiated energy beam as an output is neither coherent 
nor monochromatic, but there are many applications 
such as surveying, optical alignment, and ?ber-optic 
input where these attributes are not required. Advan 
tages are found in decreased equipment bulk and 
weight, lower power requirements, and less cost. 
The ellipsoidal re?ector system 52 of FIG. 9 is basi 

cally the same as the system of FIG. 7 with additional 
detail so, as a matter of convenience, those components 
the same or substantially the same carry the same identi 
?cation numbers. The distributed focus ellipsoidal re 
?ector 24’ is a relatively stiff turned member to insure 
that its ellipsoid shape be preserved during use. The 
re?ector 24’ is shown to support illumination tube 48 
that is of small diameter although the diameter of the 
distributed focus 25' may be, in some instances, substan 
tial with spaced pedestals 53 that are fastened to the 
inner base of re?ector 24, as by weldments 54, or other 
adhesive connections, and by adhesive connections 55 
to the tube 48. Illumination tube 48, that may be a circu 
lar gas discharge ?ash tube, is sized and positioned to be 
coexistent with distributed focus 25’ and is provided 
with electric power leads 56 and 57 that extend from a 
power source, not shown, for controlled supply of 
power to the illumination tube 48. The re?ector 24’ is 
provided with a turned over outer rim 58 to which 
cylindrical enclosure 59 is fastened at one end 60 by any 
of a number of conventional fastening techniques. The 
enclosure 59 also serves, via its end wall 61, as a mount 
with adhesive 62 for the second ellipsoidal re?ector 49 
in position to be confocal with the distributed focus 
ellipsoidal re?ector 24'. The small hole 50 in re?ector 
24’ is closed with a pane 63 of transparent material such 
as glass in order that the ellipsoidal re?ector system 52 
may be an enclosed system for preserving a stable clean 
internal environment with a beam outlet passing 
through pane 63 in small hole 50. 
A similar construction using a shorter cylindrical 

container than the container 59 in the system 52 of FIG. 
9 could be used to enclose the system of FIG. 8. Other 
embodiments presented herein could also be enclosed in 
like manner for closed stable clean internal environ 
ments. Some of the embodiments could employ explo 
sive tubes or explosive cord along a distributed focus in 
such re?ective systems in order to focus explosive 
shock waves to extremely high pressures and tempera 
tures. While destructive of a re?ective system in some 
instances the desired shock wave useful results are at 
tained via the enclosed re?ective system employed. 
Some of these enclosed systems are immersed in water 
that helps support the reflective shapes for the moment 
required with shock waves to provide the shock wave 
focus intensity desired. 
The structure of FIG. 9 could be changed with a 

small ellipsoidal re?ector section 64 provided in place 
of transparent pane 63 at the center end of primary 
ellipsoidal re?ector 24'. In addition a small opening 65 
(indicated in phantom) would be provided at the center 
of the secondary re?ector 49 (or 51) and an opening 66 
in end wall 61 (also indicated in phantom) both concen 
tric with the ellipsoidal re?ector system axis. A trans 
parent material pane could be used in opening 65 or 
opening 66 so that the reflector system could be a closed 
system. 

It should be noted that the energy sources of these 
various embodiments could be heating element sources 
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6 
emanating Infra Red energy. For example, if a circular 
heating element were to be placed at the distributed 
focus 25 f1 of the FIG. 3 embodiment, the Infra Red 
energy would be conentrated to a point. This would 
give results similar to the electric bunsen burner to my 
U.S. Pat. No. 4,739,152, and of a central opening is 
provided in the ellipsoid re?ector 24, when the device is 
vertically oriented there would be a hole directly be 
neath an object being heated. The IR energy could be 
projected into a bell-jar just the same as with the elec 
tric bunsen burner. 
The concentration of energy shown in FIG. 1 can 

find use in applications where collimation is not a re 
quirement but rather an omni-directional high intensity 
point of energy (visible light, IR, UV, shock-wave, of 
ultrasonic) as desired. 
There is an application for the concentration of ex 

teremely low energy sources that are found in bio 
chemiluminescense. A re?ector device could be hooked 
to a spectroscope with distributed focus f1 being a circu 
lar tube containing a solution with light generated 
therein being focused to the spectroscope. 
Whereas this invention has been described with re 

spect to more than one embodiment thereof, it should be 
realized that various changes may be made without 
departing from the essential contributions to the are 
made by the teachings hereof. 

I claim: 
1. An ellipsoidal reflector system for the concentra 

tion of energy comprising: a primary ellipsoidal re?ec 
tor; a secondary re?ector; said primary ellipsoidal re 
?ector having a ?rst focal location and a second focal 
point; said secondary re?ector being confocal with said 
primary ellipsoidal re?ector; structural means intercon 
necting said primary ellipsoidal re?ector and said sec 
ondary re?ector; energy source means generating radi 
ated energy moving in paths coexistent with said ?rst 
focal location; said primary ellipsoidal re?ector shaped 
to re?ect said radiated energy moving in paths coexist 
ant with said ?rst focal location toward said second 
focal point; with said secondary re?ector being shaped 
to re?ect radiated energy re?ected toward said second 
focal point to run along the major axis of said system 
normal to said secondary re?ector approaching the 
major axis as an asymptote; wherein said primary ellip 
soidal is one end of an ellipsoidal including said second 
ary re?ector at the other ellipsoidal end. 

2. The ellipsoidal re?ector system of claim 1, wherein 
said energy source means is positioned outside said ?rst 
focal location with said ?rst focal location a first focal 
point on the major axis also extended through said sec 
ond focal point; and energy radiation focusing means 
confocal with said first focal point positioned along 
with said energy source means to focus radiated energy 
from said energy source means to said ?rst focal point 
on to be re?ected by internal re?ective surface of said 
primary re?ector. 

3. The ellipsoidal re?ector system of claim 2, wherein 
said energy radiation focusing means confocal with said 
focal point is lens means. 

4. The ellipsoidal re?ector system of claim 2, wherein 
said energy radiation focusing means confocal with said 
?rst focal point is an ellipsoidal re?ector confocal with 
said primary ellipsoidal re?ector. 

5. The ellipsoidal re?ector system of claim 2, wherein 
said energy radiation focusing means is positioned out 
side said primary ellipsoidal re?ector; and energy radia 
tion passing means is provided in said primary re?ector. 
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6. The ellipsoidal re?ector system of claim 5, wherein 
said energy radiation passing means is in the form of cut 
out means in said primary ellipsoidal re?ector. 

7. The ellipsoidal re?ector system of claim 5, wherein 
said energy radiation passing means is in the form of one 

way re?ective mirror area re?ective on the inside and 
that passes radiated energy through from the outside to 
the inside. 

8. The ellipsoidal re?ector system of claim 5, wherein 
said energy radiation means is an annulus concentric 

with said primary ellipsoidal re?ector; and said energy 
source means is also an annulas concentric with said 
primary ellipsoidal re?ector. 

9. The ellipsoidal re?ector system of claim 8, wherein 
said focusing means is an ellipsoidal re?ector confocal 
with said primary ellipsoidal re?ector. 

10. The ellipsoidal re?ector system of claim 8, 
wherein said focusing means is an annular lens band 
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8 
confocal with said primary ellipsoidal re?ector ?rst 
focal point. 

11. The ellipsoidal re?ector system of claim 8, 
wherein an opening is provided at the center end of said 
primary ellipsoidal re?ector and with said major axis 
concentric with said opening. 

12. The ellipsoidal re?ector system of claim 11, 
wherein said opening is positioned to pass radiated en 
ergy re?ected from said primary ellipsoidal re?ector 
toward said second focal point and re?ected back by 
said secondary re?ector. 

13. The ellipsoidal re?ector system of claim 12, 
wherein said secondary re?ector is an ellipsoidal re?ec 
tive section positioned to the opposite side of said sec 
ond focal point from said primary ellipsoid re?ector. 

14. The ellipsoidal re?ector system of claim 13, 
wherein said secondary re?ector is a hyperboloid re 
?ector positioned between said second focal point and 
said primary ellipsoidal re?ector in a Cassegrain com 
pound re?ective system. 

a a: n s: a 


